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LAKE ANDES AND THE LAKE ANDES WATERSHED
LAKE ASSESSMENT PROJECT

INTRODUCTION

The purpose of this report is to present and discuss information
gathered from the investigaticn conducted on Lake Andes and its
watershed. The study site can be located by referring to Figure
1. The study was conducted from October, 1990, to May, 1992.

The cooperating parties involved with this prOject were the State
of South Dakota Department of Environment and Natural Resources
(SD DENR), Lake Andes-Wagner Water Sytems, the Charles Mix County
'COnservatlon District, the Charles Mix County Soil Conservaticn
Service, and the U.S. Fish and Wildlife Sérvice:

The study was initiated, at local request, to assess the current
status of the lake and 1ts watershed, to determine water quality
problems, to identify pollution sources, and develop specific
restoration :alternatives. This report addresses the results of
the analyzed data and provides recommendations for restoratlon
within the lake 1tself and the’ watershed :

. 8TUDY BITE DESCRIPTION

 The Lake Andes watershed contains 95,723 acres of primarily
agricultural land (Figure 2). From the lake, overflow water is
discharged into the Missouri River through .an outlet structure
constructed in 1934 on the south side of the south unit. The
city of Lake Andes is located on the southwestern shore of the
southern unit of the lake in Charles Mix County. Figure 2 shows
the location of the Lake Andes watershed in relation to Charles.
Mix and Douglas Counties. in southcentral South Dakota.

The lake has a surface area of 4,616 acres, a mean depth of 3.2
feet, and a maximum depth of 10 feet The long axis of Lake
Andes lies in a northeast to southwest orientation and is divided
up into three units which are separated by two dikes- that were
also constructed in 1934. Andes Creek is the most prominent

‘tributary within the watershed and discharges into the north unit
of Lake Andes.

The climate for the southcentral region of the state is dry to
semi~-arid and the average annual precipitation from 1981 toc 1990
was 25.08 inches. Evapdration and transpiration rates are

. ‘greatest during April through September and average 41.2 inches a
year (1981 through 1990). The mean temperature is 47.8°F and
ranged from -28 (taken from data recorded up to 1977) to 111°F
(recorded in 1957) (Agricultural Engineering Department, SDSU,
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Brookings, South Dakota). The lowest and highest precipitation. (
rates occur in December (.63 inches) and June (2.58 inches). 1In
1990, the population within a 65 kilometer radius of the lake was
123, 134 of which 16,555 were urban and 106,579 were rural (Census
Data Center, Brooklngs South Dakota, 1990)

WATERBHED

The entire watershed of Lake Andes lies in a hummocky glacial
moraine in an east-west trendlng sag located within the Great
Plains phy510graphlc province coteau du Missouri. The counties
of Charles Mix and Douglas encompass 1540 square miles of this
geologic area. During the Pleistocene epoch, glaciers ‘left
ground end and stagnation moraine deposits, and the meltwater
streams from wasting glaciers left collapsed, undifferentiated,
-and valleytraln deposits: Quaternary deposits and formations
comprise alluvial valley fill loess, and other windblown deposits
(USGS, 1975,1977). The dominant bedrock formations that are
found wmthln Lake Andes watershed are Nigbrara Marl, Pierre and
carlile shale and are, depending on the lccation, approximately
300 feet beneath the surface (USGS, 1972) This natural lake and
a portion of the watershed are found in a bedrock valley that is
partly buried by ground moraine. It is part eof a hummocky area
which is separated by a broad drainage. basin containing Lake
Andes. and Choteau Creek. Minor aguifers of concern are the
Choteau and Corsica, whereas the more important bedrock aquifers
are the Dakota, Codell, and Niobrara. THe Dakota is the most
important because it is a potential source of: water throughout
the area with a sufficient static head for arteslan wells(USGS,
1977). Along Andeés Creek, which drains into the North -Unit of
Lake Andes, the alluvium can be as much as 15 feet thick and is

dark gray to black silty clay locally contalnlng sand -and gravel
(USGS, 1975).

BACKGROUND/HISTORICAL INFORMATION
Gerieral History

Lake Andes is a 4,616 acre natural lake which had a history of
going dry on average every 13.8 years. before the construction of
the outlet. structure.  Subsequent to this construction the _
average period of time has decreased to 11.5 years. :Records and
old accounts have indicated that the lake has-gone dry in the’
following years: 1863, 1870, 1878, 1883, 1893- 1894, 1933-34,
1939, 1959, 1975~76, fand 1981 (Decker, 1982) - At present the
-lake is in a state of stagnation and will contlnue in this state
or eventually become dry unless a considerable amount of rainfall
and snowmelt occur in the next few years. Certain structures
‘have been corstructed on both the watershed and the Lake to allow.
for. more effective management of the water. However, these

structures do not deter the high- evaporatlon rates of thls
semiarid reglon.




In 1922 Congress passed a bill establishing a high water
elevation of 1437.25 feet msl for Lake Andes via the construction
of an artificial outlet in 1934. This structure permanently
lowered the high water elevation of 1450 feet msl required to
overflow the natural outlet by 12.75 feet. Other structures
involved with the Lake management were:

1) A dam project constructed on Garden Creek which diverted its
respective watercourse easterly via one and one-half miles of
open ditch to Hutchinson Creek. This then discharged into the
- south end of Lake Andes. This diversion was later plugged as a
result of flash floods and the absence of flowage easemernts.

2) A dike and control structure constructed in 1936 on Owens Bay

which allowed the water level in Owens Bay to be maintained at an. .

elevation of 1443.55 feet.

3) In 1938-39 under the direction of the Bureau of Blologlcal
- Survey, two dikes were built across Lake Andes to sub- 1mpound the
water. This was done in hopes that the dikes would aid in the

retention of water during dry years allowing fish and w11d11fe_td

propagate. As a result of the dikes, the water elevation was
allowed to be maintained at.an e€levation below that of - the
mandated high water elevation mark of 1437.25. The dike

- construction was completed in 1942 and the Lake was then divided
into three management units - the North, Center, -and South.

- Owens Bay had its own dike and was owned in fee title and is.
dealt with separately from Lake Andes. The average depths for
-the three individual units in 1962 were 9.1, 12.9, and 11.5 feet,
respectively.

In 1976, the SCS conducted a study to determine. if there were any
51gn1f1cant effects produced by the stock dams and dugouts on the
drainage area of Lake Andes. It was found that, as of 197s,
there were 393 dams and dugouts in the Lake Andes drainage area.
These dams and dugouts were capable of holding back less than cne
inch of surface water over the entire lake surface (Decker,
1982).

The water supply for this lake comes almost entirely from
watershed run-off. A very minor source of water which
periodically drains into Owens Bay is .an artesian well. The
amount of precipitation during one year can have a dramatic
effect on the water level of Lake Andes. The water management
plan at Lake Andes in 1980 was concerned with holding as much
water as possible in the lake with no manipulation between units
(Lake Andes NWR Annual Water Management Plan, 1980). This plan
was the direct result of three factors:

1) there usually was not enough water to manlpulate,

2) local citizens wanted recreation on the lake, and

3) the periodic dry-wet cycles provided maximum 1nvertebrate

production for use by waterfowl.
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The result of this management scheme was the North Unit must filg
before water spills into the Center Unit, which in turn must fil}
before the South Unit. The North Unit is usually the only unit
with enough water to hold game fish (Decker, 1982).

Artesian Wells

There have been several attempts at maintaining the water level
within the lake. An additional attempt at maintaining the water
level -was made by the construction of artesian wells. Several
wells have been drilled within the confines of the shore. Most
have either been plugged, are non-functional, or simply have
never produced water. In any case, there still is a functional
well found on the wildlife refuge. This well, in the absence of

runoff,; does not produce enough water to malntaln the waterlevel’
within Owens Bay.

Fisheries Management Problems

Prior to 1978, Lake Andes had been nearly dry for several years
and fish management activities were suspended. However, during
the winter and spring.of 1977-78 enough runoff occurred to flll
the North Unit and make it suitable to sustain game fish.
Fathead minnows and northern pike fry were stocked in the spring
of 1978; later that summer a few yellow perch, bluegill; and
1argemouth bass were added. Fish were sanmpled once in 1979 and
once in 1980; data indicated that black bullheads and yellow .
perch dominated the. fishery. 1In 1980, the populatlon biemass was
dominated by black bullheads and northern plke Limited nunbers
of the largemouth and bluegill stocked the prev1ous year were
caught. Because of the low water and the right conditions for a
summerkill, the scheduled fish stocking of northern pike and
largemouth bass for 1980 was cancelled. As a result of the
fluctuating waterlevels within this lake, winterkill and
summerkill events are common place and greatly influence the fish
population dynamics:of this lake. A fisheries management plan
was attempted by estimating the relationship between fish kills,
lake depth and probability that the lake will be at these depths
in any given year. Through this procedure it was found that €5
percent of the time. the North Unit will have an August maximum
depth of 6 feet. However, this was only a hypothesis and is
based on incomplete data. The recommendations for the management

plan in 1980 were that no further fish stocklng should take place
unless the lake fills (USFWS, 1980)}.

The U.S. Fish and Wildlife's managernient progress report for the
Lake Andes flshery in 1989 indicated that bullheads and carp were
a problem again. These fish have been a continual problem and
must be dealt with each year as they cannot be prevented from
entering the lake. According to the progress report, 1990 was a’
very critical year for the lake because the’ strong year class o
bluegills found within the south unit may have trouble .
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reproducing as a result of the increased numbers of bullheads
(USFWS, 1990).

Waterfowl Population Monitoring

The waterfowl population for Lake Andes has been well-documented
as a result of the formation of the Lake Andes National Wildlife
Refuge in 1936. The executive order which established the refuge
identified 365 acres of fee title land around Owens Bay to be set

apart as a refuge and breeding ground for migratory birds and
other wildlife. 1In 1939, the State of South Dakota granted a
perpetual easement to the U.S. fish & Wildlife Service for the
management 0of Lake Andes. The lands covered in the easement are
m.,. all lands lying within the ordinary high water mark of the
navigable meandered lake." The duck and goose population found
within the refuge during the spring and fall migration .periods
can reach numbers well into the thousands. The water quality of
this refuge facility may be effected by these large numbers of.
waterfowl. On the average, 1000 cducks weighing 4 1lbs a piece can
produce 1.42 lbs of total nitrogen, 0.62 1lbs of total phosphorus,
and 24 1lbs of suspended solids per day along with other chemical
parameters in small amounts (SCS, 1978). Table 1 shows the
waterfowl use of Lake Andes for three years taken from surveys
conducted by the USFWS and SDGF&P. -

Table 1 . Waterfowl Survey Numbers from Take_ Andes

YEAR UNIT . GOOSE_#'S DUCK #'S
1950 NORTH 34,138 43,797
.CENTER ) 41,350 ' 24,060
- S0UTH 22,389 - 117,248
OWEN'S BAY 26,306 75,403
LAKE ANDES 1,700 27,000
1991 NORTH 1,925 13,773
CENTER 33,785 - 15,057
- SOUTH 6,113 8,523
OWEN'S BAY 46,279 © 29,392
LAKE ANDES 5,820 28,900
1992 NORTH - 5,140 ‘ 9,359
CENTER 1,577 . 4,721
SOUTH 250 2,498
OWEN'S BAY 8,003 18,751

" FROM SDGF&P AERIAL SURVEYS.
Selenium Concerns

Selenium has bkeen found in certain concentrations within the area
of the proposed irrigation project which includes a small porticn
of the Lake Andes watershed. A preliminary toxic element

‘ 1nvest1gat10n was compléted in order to determine the
concentration levels of selenlum within the area of the proposed

7



Lake Andes-Wagner/Marty II project. According to this (
investigation the total selenium in both till and non-till
sediments appeared to be an order of magnitude higher than the
drinking water standard of 50 ppb in 1990. It also concluded
that the concentration levels were highly variable and extremely
unpredictable within the confines of till and non-till sediments.
Selenium, when taken internally in amounts exceeding this level
of concentration, can cause severe physiolegical problems

involving the gastrointestinal system (Bureau of Reclamation,
1990) . '

METHODS AND MATERIALS

Water gquality monitoring was the method that was used. to
determine the sediment and nutrient problems with Lake Andes and
its watershed. The.concentration of several physical and chemical
parameters can be incorporated with the flow rates from selected
tributaries to yield a hydrologic budget. This methed can be '
very useful in identifying areas of high nutrient input but not
without excessive cost or time.

Water Quality Moﬁitoring

Tributaries (_
The outlet and six. inlets that were selected -as tributary o

sampling sites for the Lake Andes Watershed are described below
and can be. found on Figure 3.

gite 1. Andes Creek, located at the north-end'of'Laké Arides
‘and entering the lake at 8SWi/4, SW1/4, 83, T97N,
R&64W. }

gite 2. North Refuge Tributary, located approximately 1
: mile southwest of the northern Lake Andes National
Wildlife Refuge and entering Lake Andes at E1l/2,
E1/2, S17, T97N, R64W.

Site 3. Northwest Tributary A, entering lake Andes at’
- NE1/4, S20, T97N, R64W,

Site 4. Northwest Tributary B, entering Lake Andes at
. NE1/4, S$31, T97N, R64V. .

site 5. Dezera Tributary, located approximately 1/4 mile
west of Dezera and entering Lake Andes at NEl/4,
S3, T96N, R65W.

gite 6. Laké Andes Outlet, located approximately 1/4 mile
: southeast of the town of Lake Andes and dischargi(
from the lake at El1/2, NEi.4, 859, T96N, R65W.
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Site 7. South Refuge Tributary, located approx1mately 1 (
mile west of the southern end of the Lake Andes
National Wildlife refuge and entering Lake Andes at
SW1/4, S1, T96N, R65W.

Sampllng was modlfled according to flow volume at each site,
samples were to be taken when the tributaries flowed. . All sites
were to be sampled, if possible, twice week during the first week
of snowmelt runocff and once a week there-~after until runoff was
completed. Samples were to be collected daily during any runoff
- producing storm events. Stage recorders were placed at sites 1,
3, 5, 6, and 7 to monitor periods of peak runoff and any time

subsequent to this period. Current velocity was to be monitored
at these 51tes to determine total flows and stage/dlscharge

Inlake Sampling

Three inlake sampling sites were selected for Lake-Andes (Figure.
3) and are descrlbed as follows ‘

Site 8. North inlake Slte located approx1mately 1/4 mile

north of the mldp01nt of sections 16 and 21, T97N,
R64W. '

Site 9. Middle inlake site, located approximately 1/4- mll(
. north of the midpoint of sections 31 (T96N R64W)
and section 6 (T97N, R64W).

Site. 10. South inlake site, located approximately 1/4 mlle
- east Qf the town of Lake Andes.

Sampling took place_monthly from October through March and twice
a month from April through September. The lake itself was very
shallow and most of the sampling was done by wading to the site
and retrieving a grab sample approximately 0.5 feet below the
surface.

The. sampling period for the study extended from November 13, 1990
through May 29, 1992. During this period, a total of 75 samples
were collected from the 10 sites. "

10




Table 2. Sampling Period and Number of Samples

SITE # SAMPLING PERIOD # _OF SAMPLES
FROM: TO:

1 : 5/29/91 1
2 ‘ 0
3 G
4 0
5 5/29/91 1

6 0.
- : 5/29/91 1
8 11/13/90 - 5/27/92 24
9 11/13/90 - 5/27/92 24
10 11/13/90 - 5/27/92 24

Total Samples 75 -

Drought conditions prevailed throughout the entire time period
that the phase I study was in progress. As a result, sampling
was not possible from sites 2, 3, 4 or 6. The other tributary
sites received minimal runoff events and were sampled whenever
possible. The in-lake sites under normal conditions would have
samples collected at the surface and at the bottom of the lake,
however, because of the shallow depth of Lake Andes, only surface
' samples were taken.

The laboratory analy51s was conducted by the South Dakota State
Health Laboratory in Pierre, South Dakota. Field sample
collectioh -and analyses were conducted by Jim VonEschen, a local
resident. . : :

The raw data were compiled by the South Dakota Department of
-Environment and Natural Resources, Division of Water Resources
Management. Water quality parameters were loaded into the
computer and analyzed.

The water guality parameters that were tested at all of the
sampling sites are shown in Table 3. A description of each
parameter may be found in Appendix C. : '

Table 3. . Water Quality Parameters

‘ 7 Parameters ,
Water Temperature ‘ Total Solids :
Air Temperature Total Dissolved Solids
Secchi Disk Total Suspended Solids
Dissolved Oxygen = Ammonia
Field pH Nitrates & Nitrites
Fecal Coliform Bacteria Total Kjeldahl Nitrogen
Laboratory pH Total Phosphorus
Total Alkalinity Orthophosphate

" Unionized Ammonia

11




WATER QUALITY STANDARDS

The surface water quality standards for the- State of South Dakota
are based on the hlghest ranking beneficial use assigned to a
body of water. The highest beneficial use assigned to Lake Andes
is warmwater marginal . fish propagatlon Other beneficial uses
assigned to Lake Andes are immersion recreation, limited contact
recreation, and wildlife propagation and stock watering, The
water cquality standards for Lake Andes are listed in Table 4.

Table 4, Lake Andes Water Quality Standards

. Parameter: . __Standard

Total Chlorine Residual : <0.02 mg/L,
Un-Ionized Ammonia Nitrogen <0.05 mg/l
Total Cyanide <0.,02 mg/L
Free Cyanide _ : <0.005 mg/L
Dissolved Oxygen >4.0 ng/L
Undisassociated Hydrogen Sulfide <0.002 mg/L
pH >6.5 & <8,3 units
Sugpended Sclids <150 mg/L
Temperature <90" F

. Polyechlorinated Blphenyls ' - <0.000001 mg/L ,, .(
Fecal Coliform Organ:sms B <200 per 100 ml
Total Alkalinity . ' - <750 mg/L
Total Dissolved SOlldS _ . <2500 mg/L
Conductivity : : - <400 mlcromhos/cm
Nitrates ‘ : <50 mg/L

The appllcable criterion is to be maintained at all times
based upon the results of a 24-hour representative composite
sample. The numerical value of a parameter found in any one grab

sample collected during the period may not exceed 1. 75 times the
appllcable criterion.

" Fecal coliform organisms from May 1 to September 30 may not -

exceed a concentration of 200 per 100 ml as a geometric mean

based on a minimum 6f 5 samples obtained during separate 24 hour

- periods for any.30-day periocd, and they exceed this value only =~
20% of the samples examined in this 30-day periocd. They may not

exceed 400/100 ml in any one sample from May 1 to September 30.

. The water supply for the lake is entirely dependent upon
precipitation and snow melt; there are no permanent streams to’
the lake. Of the several 1nterm1ttent streams that discharge
. into the.lake, Andes Creek is the most important. This creek
begins a few miles northwest of Corsica in Douglas County and
continues 'south discharging into the north unit of Lake Andes. {
The beneficial uses assigned to this and the other tributaries o
Lake Andes are wildlife propagation and -stock watering and.
irrigation waters. The water guality standards for these

S

.




tributaries are listed in Table 5.

Table 5. Lake Andes Tributary Water Quality Standards

Parameter Standard |
Total Alkalinity <750 mg/L
Total Dissolved Solids <2500 mg/L
Conductivity ' <2500 mlgromhos/cm
Nitrates ' : <50 mg/L
pH >6.0 & <9.5 units
Sodium Absorptien Ratio <10:1

" The applicable criterion is to be maintained at all times based
upon the results of a 24-hour representative composite sample.
the numerical value of a parameter found in any one grab sample
collected during the period may not exceed 1.75 times the
applicable criterion.

- RESULTS8 AND DISCUSSION OF WATER QUALITY MONITORING.
IN-LAKE

~The data analysis of..the chemical parameters of all three in-=lake
sites indicate a lake in a hypereutrophic conditicn. The water

- gquality standards adopted by the state of South Dakota were
exceeded in several cases. The total nitrogen and total
phosphorus parameters are- ‘not sub]ect to these -standards but are
- very important relative to the water quality of a lake. The .
parameters that are discussed below were chosen because they
exceeded their standards at least once throughout the course of
the study and are responsible for limitations on assigned uses.
Table 6 contains all the in-~lake data for the three in-lake

sites. Graphs comparing the three in-lake 51tes can be found Ln
Appendix C.

An important component which may have had a significant effect on

the water quality of Lake Andes is stagnation. Lake levels have

declined with no significant amounts of runoff and with no influx
.of water the lake became stagnate. This phenomena may result in
‘and may be caused in part by anoxic conditions and increased pH
and temperature. These conditions create a suitable situation in
which phosphorus and other trace elements bound to the sediments
can be transferred to the water column. This action can then
cause algae blooms, summerkill events, and cause the state
standards that were described previously to be exceeded.

Dlssolved Oxygen

‘There were several samples throughout the investigation: in which
"the concentrations of dissolved oxygen were found to be far lower
than the set standard of 4.0 mg/L. All three sites exhibited -
similar levels throughout the course of the study. The lowest

e



level of dissolved oxygen was 0.13 mg/L which was recorded at (
site 9 on May 27, 1992 (Table 6). ILake Andes was very shallow
and the extremely low oxygen levels can be attributed to plant
and animal respiration as well as bacterial decomposition of
organic matter. As the oxygen levels decline near the sediment
interface, phosphorus and other nutrients have a higher potential
to be released from the sediments into the water column (Wetzel,
1983). This process, termed internal locading, can cause many
water quality problems and may have a negative impact on the
beneficial use of the lake. Low oxygen levels are also
responsible for fish kills. Most game fish cannot survive in
. water where oxygen levels are lower than 3.5 mg/L (Cole, 1983).
In this case with decreased oxygen levels we can expect to have

an increase in the amount of phosphorus found within the water
samples

Fecal Coliform Bacteria

Fecal coliform bacteria inhabit the digestive systems of warm-
blooded_animals. The presence of fecal coliform bacteria in
water is evidence of human or animal waste. in the water supply.
Sources for these organisms include wild mammals and domestlc
‘livestock near the lake or in the watershed,.
failing/insufficient sewage systems. High concentratlons of -
these bacterial organisms generally coincideée with high (
_concentrations  of nutrients -such as phosphorus and nitrogen.
High fecal coliform bacteria concentrations alsc create a high
oxygen demand, resulting. in a lower levels of dissolved oxygen
. which support aquatic life (MPCA). One sample taken on September
24, 1991, had.a count of 420 organisms per 100 -ml. This was =
taken at site 8 on the north unit. There was only one other :
sample with a. fairly high: count of 130 organisms per 100 ml. The
state standard listed for the highest beneficial use is
considered to be 200 arganismg per 100 ml. These were the . only
-samples which éxhibited any type of an increase in the numbers of

these organisms. This suggests that there was no fecal problem
within the lake during - the course of the study.

pH

The pH standard for Lake Andes from Table 4 is >6.3 & <8.3 units.
Of the 72 samples that were taken, 50 exceeded the 8.3 standard.
The pH was analyzed again during the State Health Laboratory's
examination. Of the 72 samples analyzed 45 exceeded the state
standard (Table 6). There were approximately an egqual number of
samples -from each of the three in-lake sites which exceeded this
standard. This indicated that the conditions causing the
increase in pH levels were prevalent throughout the lake. - The
~causes for this increase in pH are dependent upon many factors
including the hardness of the water, temperature, photosynthesi:
and decomposition. .Hard waters act as a buffer to pH, however,
photosynthesis may counteract the buffer and bhe respon51ble for
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high pH levels (Vallentyne, 1974). Stagnation, as previously
discussed, may have caused the lake to slightly increase in pH as
well.

Un—-ionized Ammonia

Un-ionized ammonia is a calculated fraction of total ammonia.

The accumulation of ammonia greatly accelerates as the
hypolimnion becomes anoxic. Under anaerobic conditions,
‘bacterial nitrification of ammonia to nitrate and nitrite ceases
as the redox potential is reduced to below about +0.4 volts,

Wwith anoxic conditions prevailing the adsorptive capacity of the
sediments is greatly reduced. A narked release of ammonia from
the sediment then occurs. With an increase in pH and temperature
you can expect the concentration for un-ionized ammonia to
increase. The standard for this parameter is 0.0875 mg/L (1.75
times 0.05 mg/L) for a single grad sample., Throughout the course
" of the study the standard was surpassed 14 times with the highest
value of 0.36 mg/L occuring site at 9. With a reduction in the
temperature and ‘pH this parameter should alsc decrease in
concentration. This parameter 1is highly toxic to many organisms,
~especially fish.

.Phcsnhorus

Although a state standard for this nutrient has not been

- implemented by this state, this nutrient should not be ignored.
It is an element which is wvery important for the production of
algae and macrophytes as well as other biological organisms.
When a lake ‘is subjected to anoxic conditions, phosphorus may be

released from the sediments. After analysis, the in-lake samples .

revealed minimum and maximum concentrations of 0.081 mg/L and
2.16 mg/L, respectively. The average c¢oncentrations for each of
the three in-lake sites were: site 8 = 0.764 mg/L; site 9 =
0.692 mg/L; site 10 = 0.807 mg/L. Lake Andes, even

though stagnate, is still considered a hypereutrophic lake. This
means that the high concentrations of nutrients will cause
huisance algae blooms. Optimum conditions for a nuilsance algae
bloom to occur require minimum concentrations of 0.02 mg/L
(Wetzel, 1983). The minimum concentration of any of the three
in-lake sites was 0.081 mg/L exceeding the necessary amount for
ah algae bloom to occur. The more common sources of phosphorus
in a lake are known to be animal or human waste, fertilizers,
detergents, run off from land (sediments), internal loading from
the sediments, and biodegradation of macrophytes and other
biological organisms.

Limiting Nutrient

The limiting nutrient concept states that the production of algée
will be determined by the least abuhdant substance needed for
survival in the environment. According to the concept, if you

o
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control the limiting nutrient for algae, you can control the
production of the organism and thus it's rate of growth (Wetzel,
1983). The applicability of this theory to6 the Lake Andes
situation is somewhat decreased as a result of the stagnating
lake water. Throughout the course of the investigation the

concentrations of both phosphorus and nitrogen were very high as
was discussed.

TRIBUTARY

To determine specific problem areas associated with non- peint
source pollution, tributary sites were established within the
watershed of Lake Andes. The information gathered from these
monitoring sites.would have also been used in the development of
a hydrologlc budget to estimate nutrient loads to the lake.
During the 20 month sampling period there was only one runoff
occurrence in which inflow data was gained. ©No outflow occurred.
As a result, a hydrologic budget could not be calculated and an
estimation of the nutrient leadings could not be made. Although
ne trlbutary water samples were analyzed, the United States
Geological Survey has several years of water ‘quality data taken

from the same or near the original tributary sites as well as the:

in-lake sites. There were high amounts of total phosphorus in
all of the sites sampled by the USGS from both in-lake .and the
tributaries exceeding the amount reguired for a nuisance algae

- bloom. At most of the USGS sampling sites there were higher than

state standard concentrations of unionized ammonia. The

parameters tested for by the USGS on the tributary sites were
essentially the same as those that were tested for during the
present study. The tabular data for the USGS monitoring sites

~can be found in Appendix D.

A site by site analysis of the tributaries for the Lake Andes
watershed was not feasible due to the existing drought
conditions. As stated earlier, the tributary sites for Lake

-Andes conform to a moderately different set of state standards

because of their beneficial use vlassification. One runcff event
did occur during the study period and was recorded at sites 1, 5,
and 7. The water samples taken during this May 29, 1991
occurrence were found to have extremely high fecal counts
(maximum number of 55,000 was recorded at site 5), These high
fecal counts may be a result of a first flush occurrence and it
is difficult to detérmine if there is a problem with this
organlsm from only one runoff event.

CONCLUSIONS

Cole states in his textbook of 11mnology that "Natural lakes
arise from phenomena that are almost entirely geologie in nature.
Once formed, they are doomed. Because of the concave nature of
ba51ns, there is a compulsory trend toward obliteration as they
£ill with sediment." Lake Andes is .succumbing to the fate that
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eventually falls upon all lakes. With implementation of the (
culvert in the 1930's which decreased the lake levels by 13 feet
(Decker, 82) there was a trend for the lake to go dry
approximately every eleven years. Lake Andes has a fairly small
watershed relative to the lake size which does not provide
adequate water during drought. HNutrients have caused a continual
decline in the water quality of this lake. The shallowness of
Lake Andes also encourages macrophyte growth, which with summer-

and winterkill events; make it a very difficult fishery to
manage.

During wet years, the high amounts of nutrients make Lake Andes a
vary productive lake. The past results of this high productivity
can be seen in the history of the lake recorded in terms of bass
fishing. However, with the increase of bullheads and carp, this
fishery gradually declines. The lake at lower water levels is

used by waterfowl during migration perieds, and as a SLgnlflcant
waterfowl production area.

The data gained in the present study plus the historical
information that was available ‘indicated that there are- problems
with eutrophication. Before restoration of Lake Andes is ;
attempted the watershed improvement plans should be implemented.

It must be noted that even if everything possible. is done to
correct the. problems in the watershed, Lake Andes will probably -
remain eutrophic to hypereutrophic, Beneflts received by the
alternatives listed below will shorten the duration and
intensities of algae blocoms, control some of the macrophyte
problem, and if bullhead and carp problems are dealt Wlth
consistently may .improve the fishery.

RESTCORATION ALT ERNAT-_IVE g
There are several alternatives available for the restoration of

Lake Andes. These alternatives listed below were.chosen on the
Vbasis~of-effectiveness, cost, and their probability of success:

1. No Action
2. Selective Dredging
3. Land based removal of sediment
4. Dilution/Flushing
No Acti

If no action. is taken to restore the quality of Lake Andes and
its watershed, problems will continue and may become more

- serious. Sedlment buildup will continue and depth will decrease
until the lake is a wetland or marsh which could only be used b
waterfowl., The fishery would continually be in a state flux a%i
result of the high rate winterkill and summerkill events and th
inability to prevent the infestation of rough species of fish.
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These stressful conditions will result in a poor fishery
dominated by bullheads and carp rather than the more popular game
fish such as northern pike and largemouth bass. Minimal ocutflow
events would occur and nutrients would continue to cycle
throughout the ecosystem cof the lake. The lake would beccme a
wetland with limited contact recreational value. Benefits
associated with this type of situation would be improved hunting,
perhaps hiking and camping, and increased habitat for wildlife.

Selective Dredging

If dredging selected areas on the south unit of the lake is
chosen a sediment survey must be completed prior to dredging.
This survey is usually completed during a phase I study but due
to the mild winter and thin ice a sediment survey could not be
accomplished. It is necessary to have some estimation of the
volume and distribution of the sediment within the south unit.
Before any major dredging is undertaken, the rate of
sedimentation -should alsc be determined. It is of little value
to dredge a reservoir that is filling in at a rate-of 2 inches or
more a year 1f watershed controls for erosion are not
implemented.  Sediment removal to retard nutrient release can be
highly effective. Certain areas where dredging takes place may
‘ prov1de significant habitat for fish and other 1living organisms
especially during fishkill events. It will also remove some of
the nutrient-rich sediments. = The water may become somewhat
clearer because the deeper depths will limit the wave action
suspending solids in the water column. Selective dredging is
less expensive and less time consuming than whole lake dredging.
- Areas not dredged will still have a macrophyte problem. The
total amount :0of sediment and the location of the greatest
sediment concentrations would still need to be.calculated. The
average operational cost of an eight inch dredge for a year is
$175,000, not including start-up costs of approximately $75,000.

A limited alum treatment along with selective dredqing may reduce
the amount of internal loading of phosphorus from the sediments.
However, this may not be effective if only the south unit is

treated. Temperature and pH will have to be closely monltored to
determine if this 1s feasible.

L.and Based Removal of Sediment

This method may be the most feasible since Lake Andes has a high.
tendency to go dry approximately once every twenty years., It may
be ‘in the best interest of this project to use land-based
equipment to removas the sediment if this event takes place in the
next few years. The end result of land based removal would be
similar to that of selective dredging. The advantage of land-
based removal is that it can be accomplished with conventional
equipment such as draglines, bulldozers, or scrapers. The dry
sediment can be transported and disposed of immediately by trucks
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or a series of islands may be built with riprapping surrounding(’
the islands. The riprapping should prevent deposition of
sediment from the islands into the lake. In addition to the
sediment removal, fish structures such as rock piles, ditches,

or
walls can be constructed to improve habitat for fish and other

aquatic organisms.

Dilution/Flushing

In the event that the Lake Andes-Wagner /Marty II irrigation
project is completed within the Lake Andes area a
dilution/flushing restoration alternative may be created with
off-peak pumping into the south unit. It may be possible to
lower the cornicentration of nutrients within the south unit and
flush out algal cells by adding sufficient quantities of
nutrient-poor (dilution) water from scme additional source
providing that the source is nutrient-poor (in this case Lake
Francis Case). High amounts of additional water, whether low in
nutrients or not, may also be used to flush algae out from the
lake faster than they grow. The dilution process depends upon a
low cconcentration of 1ncom1ng nutrients to effectively dilute the
higher concentration in the lake. Concentration of nutrients
will also be affected by the degree to which loss 'of phosphorus
to sediments decreases and counters the dilution because of the
lack of phosphorus within the dilution water. Lakes with low.
initial. flushing rates are poor candidates because in- lake
concentrations could ‘increase unless the dllutlon water is
essentially devoid of phosphorus (EPA, 1990). ' If the depth of
the south unit is maintained at the high water elevation of
1437.25 feet msl. it still may be necessary to dredge selectively
to increase the depth in certain areas of the lake. These
methods of in-lake restoration will not solve all of the problems
associated with the lake if watershed restoration does not occur
as well, Discharging water within the south unit of Lake Andes
is not going to restore the lake to pristine conditions. The
productivity of the southern portion of the lake may also be
somewhat decreased if there is an excessive amount of nutrlent
deficient water discharged within the south unit.

RECOMMENDATIONS

Although little information was gained during the course of the
study relating to water and nutrient budgets, there was enough
information available to reasonably conclude  that the problems
with Lake Andes stem from inappropriate land use and natural
eutrophic conditions. Based upon the information collected and
evaluation of 'the historical data, the Water Resource Management
Division of the SD DENR recommends the following activities for
the improvement of the Lake Andes and its watershed:

- Due to the condition of the watershed, the land use’ (
‘recommendations discussed below should be completed regardless of
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+he outcome of the rest of the restoration plan. These opticns
were selected by the Charles Mix Conservation District, Soil
conservation Service, and SD DENR on the bagsis of effectlvenese
and ability to sell these practices to the land owners in the
watershed. These recommendations include the following:

a) Cconservation District, SCS, Extension Service, and DENR
conduct small group meetings thh farmers to dlscuss the effect
management of cropland, ag waste, grassland, and riparian areas
has on the lake. Agree on needed action.

B) Conservation District and SCS develop, with farmers, Resource
Management Plans that address crop residue use, grassed
waterways, nutrient application, pesticides, grazing riparian
area activities, and ag waste handling. Economic benefits need
to be considered. Complete developing these plans (about 100 in
number) .

C) Conservation District work with Extension Service and County

Weed Supervisor to conduct information and education.activities
on preoper pestlclde use and safety.

D) Conservation District and SCS establish followup program with

landowners and operators to assist in applying conservation
practices. that not only solve individual farm problem; but also
have positive impact on the lake.

Use ‘of land-based eguipment for sediment removal to increase
depth, - improve fish habitat and reduce the threat -of fish kill.
Conventional equ1pment owned by the county or. the city can bhe
used to remove as much sediment as desired. Fish .structures such
as deep pools, rock piles, points, and walls can be constructed
to increase recreational fishing. Two or even three years of
sediment removal may be necessary. A more accurate time table
will be available when the sediment survey is completed.

A third option available to the local sponsors is iIf the Lake
Andes-Wagner/Marty II irrigation project is 1mplemented and water
is dlscharged into the south unit during off-peak pumping periods
resulting in a dilution/flushing mechanism. Watershed
improvement plans that were discussed previously should alsc be
‘completed during the in-lake restoration. The use of excessive
amounts of nutrient deficient water will not solve all of the
lakes' water quality problems. If the Lake Andes-Wagner/Marty I1I
irrigation project pumps water into the south unit during
favorable off-peak periods, it may necessary to-design a
monitoring schedule to determine the exact effect thls option may
have on the Lake Andes ecosystem.

Selective dredging may be another option to increase the depth
in certain areas and remove some sediment which are rich in
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nutrients. It may improve the water quality of the lake and (
improve the fish habitat.

The local sponsors may select any of the restoration alternatives
listed and described in this report or choose to take another
plan of action. The recommendations menticned above are those

which the State feels best can solve the problems addressed in
this report.
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. so0ll. Because it is so intermixed with the Eakin soils it

LAKE ANDES LAND USE SURVEY

The 95,723 acre watershed for the Lake Andes Hydrologic Unit can
be broken down into seven separate subwatersheds by treating each
main tributary separately (Figure 4). Cropland makes up over 70%
of the land use and about 25% is grassland as shown in Table 8.
other land uses are farmsteads and feedlots plus highway/railrocad
rights of way. The Lake Andes National Wildlife Refuge and other
smaller wildlife land acres were included in the grassland acres.
It is estimated that about 15% of the farmstead/feedlot acres are
in farmstead windbreaks.

Dominate soils in the 7 watersheds are Highmore, Eakin, and Ethan
silt loams. Highmore silt loam is a deep, well drained, nearly
level soil on uplands. It is well suited for cropland acres in
the Lake Andes HU. Measures that conserve molsture are the main
conservation need. Leaving. crop residue on the soil surface is a
good example. :

Eakin gilt loam is a deep, well ‘drained soil on the higher
convex slopes. Steepness of these Slopes are from 2% to 6%.
Most slopes are .long and smooth, but some are short and complex.
These soils are well suited to cultivated crops. Conservation
measures that control erosion and conserve moisture are heeded.
Examples are minimizing tillage and 1eav1ng crop ‘residue on the
surface. Contour farming, grassed waterways, and terraces can
-help. Slopes in:-some areas, however, are too short or too
irregular for contouring and terracing-. :

Ethan loam is a deep, well drained, undulating soil on knolls and
ridges. It is easy to recognize by the much lighter tan color on
the surface than found in the Eakin scil. Ethan soil is not ‘as
well suited for crop production as the Eakin soil or the nghmore
[
generally, is difficult to manage separately,. Organlc matter
content and fertlllty are low in the Ethan soil.- The high
content of lime in the .surface layer adversely affects the
availability of plant nutrients. Main concerns in managing this
soil are controlling eresion and conserving moisture. Increasing
the organic matter content and improving fertility also need to
be addressed. Minimizing tillage, leaving crop residues on the
s0ll surface, and including grasses and lequmes in the cropping
system help to control éerosion, conserve moisture, increase the
content of organic matter, and improve fertility. Contour
farmlng, grassed waterways, and terraces also can help to control

erosion, but in some areas, slopes are too short or too irregular

for contouring and terrac1ng

Other soils in the cropland acres that need to be addressed are
Onita silt lecam and Tetonka silt loam.
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Onita silt loams are deep, moderately well drained soils on (
uplands. They are occasionally flooded. There soils are well
suited to cultivated crops. Conserving moisture is the main
management concern and leaving crop residue on the soil surface
is a good practice. In some years field work is delayed due to
wetness but in most years the additional moisture is beneficial.

Tetonka silt loams are deep poorly drained soils in depressions
in the uplands. They are ponded during periods of snowmelt and
heavy rainfall. These soils are poorly suited to cultivated
crops. Most areas of Tetonka soil located in cropland fields had
come surface drainage installed where drainage cculd feasible be
done. This was done to bring these wetlands areas into crop
production and to eliminate having to farm around them. Tetonka
soils are important for floodwater reteéntion groundwater
recharge, catch basins for cropland nutrients, pesticide and silt
runoff, as well as habitat for many kinds of wildlife.

Some landowners are very aware of these values and practice
wetlands conservation, Other landowners need to be educated on
these values and still others will need financial incentives to
restore and conserve. this valuable resource. Grassland soils
vary greatly. Most grassland acres are on soils that are too
steep, too shallow or too wet to be used for cultivate crops.
About 60% of the grassland is in rangeland (native grasses and
forbs), about 35% is introduced grasses and/or legumes as oo
‘permanent cover, and the remainder is wildlife land that normally
is not hayed or grazed. o

Ethan and Clarno loams on 9-15% slopes plus Betts and Ethan loams
on 9-25% slopes are common soils on the steeper rangeland. Eakin
and Ethan loams on 6-9% slopes common where introduced grasses
and legumes for permanent-cover has been established. Pothole
wetland soils are Tetonka and Worthing. - A few potholes may be
Hoven soils. Along the larger creeks the floodplains are usually
Bon soils. Andes Creek has some areas next to it that are -

Delmont- and Enet soils.  These areas are where small gravel pits
have been or are now active. _ ‘ : ,

More complete information about the soils in the Lake Andes
Hydrologic ‘Unit is available in the Charles Mix County and
Douglas County Soil Surveys. See the Land Use Table (Table 8)
and map of the subwatersheds (Figure 4) for more information on
problem areas. ' B :

Almost all of the grassland acres need improved grazing
management. Many acres are overused so that desirable species
are set back allowing weeds to become a problem. Soil erosion
occurs in some creek channels. Managing for improving vegetative
cover along the creek channels and riparian areas would : ‘
significantly reduce erosion occurring in these channels and

. greatly reduce sediment being delivered to Lake Andes. This
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would reduce the potential for delivery of fertilizers and
pesticides coming from cropland. Improving riparian areas can
significantly reduce the potential for nutrients in runoff from
livestock feeding areas being delivered to the lake.

LAKE ANDES FEEDLOT SURVEY

Charles Mix Conservation District staff visited several farms
located adjacent to the lake and along major streams in each of
the seven subwatersheds. Farmers were very cooperative in
answering questions about their operation and how ag waste was
being handled. A good example of how ag waste can be handled is
found in Watershed No. 4 which has the Lakeview Colony with a
large turkey operation and new hog confinement operation. The
Colony is installing ag waste handling facilities in cooperation
with the Department of Envirconment and Natural Resources .

Almost'all-farmers'apply manure from their feedyards to cropland.

This is usually deone in the spring or after small grain harvest
in -the summer. Problems for the lake come from winter feeding

areas on the creeks and from storm runoff through the feed yards.

In a few cases fixing this problen can be done simply by moving
to a less hazardous feeding area or diverting storm runoff away

from feedyards and increasing the size of buffer areas between

feedyards ‘and the lake or streams involved in the Lake Andes
Watershed. In many cases, however, the solution will be more
difficult and expensive, S -

The recommendations~thét were selected to alleviate these
problems were previocusly discussed on page 23 -and 24.
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Table 8. LAKE ANDES LAND USE BURVEY
Subwatershed Number

1 2 3 4 5 6 7 Total
watershed
ACIEs 12,063 36,824 8,449 7,955 7,770 15,225 7.437 95,723
cropland
Acres 7,104 26,050 5,700 5,442 6,230 11,376 5,895 67,797
cropland %
watershed 59 71 68 68 80 a5 79 71
HEL
Cropland
Acres 1,439 755_ 18 98 0 1,171 0 3,479
HEL %
Cropland 20 3 0.3 2 0 10 0 . 5
Cropland
Eroding
>1.5 T 1,230 3,831 1,474 661 497 2,085 76 9,854
Highly

- Eroding % _

" Cropland 17 15 _26 12 8 18 1 15
CRP_Acres 146 51 117 236 0 326 167 1,043
CRP %

LCropland 2 0.2 2 4 0 3 3 2
Grassland ,

Acres 4,297 9f811 2,457 2,089 1,265 3,119 1,249 24,279
Grassland % '

Watershed 36 26.5 29 . 26 16 20 17 25
Farmstead

Feedlot

Acres 233 570 113 93 136 319 128 . 1,592
Fstd/Fdlt %

Watershed 2 1.5 1 it 2 2 2 2
Highway

Railroad

Right of wWay 429 393 179 331 139 411" 173....2,055
Hwy/RR % ,

‘Hatershed 3 1 2 4 2 3 2
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'APPENDIX B. DESCRIPTION OF WATER QUALITY PARAMETERS
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WATER QUALITY PARAMETERS

1. Laboratory Analysis

a.

Fecal Coliform (organisms/100ml) indicates fecal

contamination and thus potential human health hazards.
Fecal coliform bacteria are bacteria which live only in
the dlgestlve tract of varm-blooded animals. These
bacteria are considered to be an indicator of sewage
pollution or livestock manure.

Laboratory pH is a measure of the hydrogen ion

activity which dlrectly affects the toxicity (solubility)

of heavy metals in-water, among other items. The pH
scale is a number range between 1 and 14, with 7 being
neutral. Any value less than 7 is considered acidic and
any value greater than 7 is considered basic. The pH
range for most natural lakes is between the 6 and §.
Deviation, from the neutral pH 7, is a result of the.
decomposition of salts as they reacted with water. Gases
such as carbon dioxide, hydrogen sulfide, and ammonia
have a significant effect on pH. The pH of a lake is
dlrectly related to the geography of ‘the surroundlng

area.

Total Alkalinity (mg/L) refer to the quantlty of

‘different compounds that shift the.pH to the alkaline

side of neutrality. Alkalinity generally the result of

. bicarbonates but is expressed as a sum of hydroxide, .
“.carbonate, and bicarbonate. Carbonate and bicarbonate

are common in water because carbonate minerals are common
in nature. The contribution to- alkalinity by hydroxides
is rare in nature. Thus alkalinity is dlrectly related
to geography. Expected total alkallnltles in nature
range from 20 to 200 mg/L.

‘Total Solids (mg/L are all the suspendéd and

dissolved materials present in water. These are the

- materials left after the raw water has evaporated off.

Total Dissolved Solids (mg/L) lnclude salts and organic
residue which pass through a filtered water sanmple.
Total dissolved solids can also be determined by
subtracting the total solids by the suspended solids.

Total Suspended Solids (mg/L) include organic and
inorganic materials that are not dissolved. This
parameter can lndicate the sediment load into a body of
water and possible problems to the biclogical community.
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suspended solids does not include a measure of larger

particles that are moved along the stream bed durlng high
flows.

Ammonia-Nitrogen (mg/L) is generated by bacteria as a
primary end product of decomposition of organic matter.
Ammonia is the form of nitrogen directly available to
plants as a nutrient for growth. High ammonia

concentrations can be used to demonstrate organic
pollution,

Unionized Ammonia (mg/L) is often the most abundant
inorganic form of nitrogen. Nitrate constitutes the
inorganic form of nitrogen assimilated by algae and
large aquatic plants. 1In natural waters the
concentrations are usually low, around 0.1 ng/L.
sources for inorganic nitrogen are agricultural
activities, sewage, and atmospheric pollution.

Some

Nitrate-Nitrogen (mg/L) is often the most abundant
1norgan1c form of nitrogen, Nitrate constitutes the
inorganic form of nitrogen assimilated by algae and
larger hydrophytes. In natural waters the -
concentrations ars usually low, around 0.1 mg/L. Some
- sources- for inorganic nitrogen are agricultural - ;
activities, sewage, and atmospheric pollution. (

Total Xieldahl Nitrogen. (mg /L) is used to measure both
total nitrogen and organic nitrogen. -Ammonia is
subtracted from total kjeldahl nitrogen to acquire the
amount . of organic. nitrogen present. Organic forms of
nitrogen can be broken down into different compounds
which are then used by phytoplankton. 'Organic nitrogen
can be released from living macrophytes and large

‘quantities can also be released from decaying
macrophytes.

Total Nitrogen (mg/L) is the sum of nitrate-nitrite
nitrogen plus total kjeldahl nitrogen. Total nitrogen
to total phosphorus rations are used to identify which
nutrient is limiting to algae growth in lake waters. - a
lake is usually defined as phosphorus limited if the

total nltrogen/total phosphorus ratio is greater than
10:1. :

Total Phosphorus (mg/L) represents all of the phosphorus
found in the water sample. Phosphorus is an element
which is essential to all life. . Not all of the
phosphorus is immediately available to agquatic plants

and algae. Soil can sorb to phosphorus which is - .
released when dissolved oxygen levels are depleted. ﬂ( n
concentrations are high, nuisance growth. of adquatic
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plants or algae may result. Sources of phosphorus are
from agriculture, sewage, and from the decomposition of
organic matter.

Ortho=-Phosphorus (mg/L) is a form of phosphorus which is
readily available for uptake by plants. '

2. FIELD AWNALYSIS

Water Temperature (Uc)ris taken since it has a
considerable effect on the chemical process in a lake,

Also, temperature is important to fish life and other
agquatic species.

Field pH is a measure of the hydrogen ion activity
which directly effects the toxicity (solubility) of
heavy metals in water, among other items. The pH scale
is a number range between 1 and 14, with 7 being

 neutral. Any value less than 7 is considered acidic and

any value greater than 7 is considered basic.

Dissolved Oxygen (mg/L)_ the dissolved oxygen content of
water results -from (1) the activities of growth and
decomposition in the lake system; ‘and (2) the air-water
interface and the distribution by wind driven mixing.

Oxygen levels less than 3.0 mg/L are stressful to aquatic

vertebrates and most other aquatic life.

Climate.Condi;ions - wind, precipitation, air, and .

temperature (c).

. Visual Observations ~ septic conditions, odor, water

color, turbidity, or anything unusual worth noting.

Water Depth in tributaries it is taken to assist in

_calculating flow measurements. Water depth in lakes is

used as reference points and to notice changes in lake
elevation. :

Secchi Disk is taken for a comparison of water clarity.

3. In-~Lake Sediment Sampling

Sediment Surveys are conducted and topographic maps are

-made to determine sediment volumes and concentrations in

the lake.
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APPENDIX 'C. GRAPHS COMPARING PARAMETERS OF THE IN-LAKE
SAMPLING SITES
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APPENDIX D.

UNITED STATES GEOLOGICAL SURVEY WATER QUALITY DATA



RET S

LOCATION, --Lat N3"15°23%, long 98°2K'08%, fn SWINWL sec.3, T.%8 H., N.63 W., Charles Mix County, Hydrologle

HISSOURI RIVER BASIN

06452380 ANDES GCREKX WZAR ARMOUR, SD

10130101, at bridge 2.8 uol east of U.S. Highway 281 and 2 ml north of LskXe Andes.

PERIDD OF RECORD.~-April 19&3 to current year,

"

147

r

REMARKS,~~The strean flows 6n1r during the wet sasson, 3amples are collected only when flow i3 greater than

2 et/

DATE
HAR
20...
APR
18...
MAY
07...
JUN
25,..
JUL
10.
DATE
HAR
20.,
APR-
18. ..
MAY
0T, ..
JUN
. 25..
JuL
10, ..
DATE
HAR
20...
APR
18,
HAY
o7, .
JUN
25. ..
JUL
19, .
DATE
MAR
20,
APR
18..
MAY
07..
JUN
25,4,
JUL
10..

s.

BARO-

WATER QUALITY DATA, WATER YEAR OCTOBER 1983 TO SEPTEMBER 1986

OXIGEN,

. HARD-
SPE- KETRIC BIS- NEBS

STREAM~  CIFIC : PRES~ SOLVED  HARD-  NONCAR

FLOW, CoN~ PH TEMPER- TUR~ SURE  OXYGEN, {PER- NESS WH WAT

INSTAN-  DUCT-  (STAND- - ATURE, TEMPER- BID- (M DIS- CENT {MG/L  TOT FL

TIME  TANEQUS  ANCE ARD AIR ATURE TTY OF SOLYED  SATUR- AS HG/L A
{CFS) {US/CH}  UNITS) {DEGC €} (DEG C) {XTU) BG) (MG/L)}  ATION) CACO3) CACO3

08%0 37 900 7.70 -5.0 0.0 12 T34 12.4 as 350 23

1330 - 670 7.90 11.5 7.0 42 710 9.3 82 260 17

0845 11 1500 7.83 8.5 11.5 1.5 721 5.5 63 610 19

0955 33 670 7.65 28.0 22.5 7.0 718 1.8 47 270 g

0845 11 970 7.8 zh.0 24.5 6.2 ki 2.2 28 390 13

SOLIDS, SOLIDS

. - MAGNE- . SODIUM  POTAS-  ALKA- CHLO-  SILICA, RESIBUE RESIDU

CALCIUM SIUM, SODIUM, AD- SIUM., LINITY SULFATE  RIDE, ‘DI5- AT 180 AT 105
PIS- DIS- DIS- SORP- DIs- LAE DIS- DIS- SCLYED  DEG. C DEG. €
SCLYED  SOLVED SOLVED TION SOLYED  {KG/L SOLYED  SOLYED  (MG/L DIS- sUS-
{MG/L (HG/L . (ME&/L  PERCENT  RATIO {HG/L AS (H6/L {(HMG/L - AS SOLVED PENDED
A5 CAY A5 MG)  AS-NK)  SODIUM AS K) CACO2Z} A4S $04) AS CL)  5I02) (HG/L)  (MG/L
B 35 kL 18 0.9 20 118 300 " 23 18 600 7

60 26 27 18 0.8 15 1) 230 9.9 13 160 ‘i -
100 63 16 2% R 20 217 530 32 2.5 1060 5

62 28 28 17 0.8 19 177 150 10 1% ush a

90 40 48 . 20 1 20 255 236 2 18 670 2y

SOLIDS, - HITRO- ) NITRO-  NITRO-

SUM OF - 30LIDS, SOLIDS, GEN, NITRO- GEN, GEN, RITRO~ PHOS-

CONSTI~ DIS- DIS- - MITRITE GENW,  MHO2+H03 NITRATE GEN, PEOS~  PRORUS,  BORON,
TUENTS, SOLYER  SGLVED OIS- HITRITE  DIS- DIS~  NOZ-HO) PHORUS, DIS~ DIS-

LIS~ (TONS {TONS 30LVED  TOTAL SOLVED  SOLYED  TOTAL TOTAL SOLYEE  SOLVED SGLVED
SOLVED PER PER  (MG/L (KG/L (Mo/L (Ma/L (%6/L (MG/L {MG/L (UG/L  (MG/L
(MG/L) AC-ET) DAY) AS M) AS N) AS N} AS'N) AS W) AS P) AS P} AS B) AS P}

590 0.82 60 0.05 0.06 2.70 2.65 2.70 0.63 0.59 70 0.51

Wi 0.63 - 0.02 - 1.00 0.98 - -~ 9.37 60 6.3

1000 1.4 T €0.01 €0.01 <0.10 -~ <D.10 0.19 0,48 160 G, UG

j20 0.62 10 0,04 -- 0.14 8.10 -- -— D.93 100 0.487

620 ¢.91 20 0.1t -= G 6k 0.53 -- -- 0.88 160 .84
PHOS- © BERYL~- CHAD-

PHORUS, ARSENIC BARIUM,  LIUM, CADMIUM HIUM, COBALT, CAPPER, CYAWIDE IRON,  LEAD,
ORTHO, DIS- DIS- DS~ DIS~ BIS- BIS~ pIS-~  DIS- BIS- DIS-
TOTAL SOLVED SOLVED SOLVED  SOLVED  SOLVED SOLVED SOLYED  SOLVED  SOLVED  SOLVED
(MG/L {UG/L (uc/L (U6/1L {vs/L (UG/ L (Us/L (vg/L (MG/L (UG/L (uG/L
AS F) AS AS) AS BA)  AS BE} A8 CD) AS CR) A CO) A5 CU) AS CN) AS FE} A5 PB)

0.53 i a0 0.5 <1 <1 <3 2 <0.01 170 <
-- 3 54 0.5 < 2 <3 4 <0.01 63 ‘i

0.1 4 65 €t.5 <1 <1 3 2 €0, 01 8 &
- 10, 60 ¢0.5 <1 <1’ %! 1 ¢0.,01 27 (&}
-- 12 54 0.5 <1 <1 3 3 <0.01

10 <5



148
MANGA-
NESE,
DI~
SOLVED
DATE (ua/L,
AS HK)
HAR
20, . 60
APR
18... 170
MAY
07... 320
JUN
25,y 850
JUL
10, ,. 850
CADHIUM
TOTAL
RECOY-
ERABLE
BATE (ue/L
AS CD)
MAR.
20... a
APR
18,,. -
HAY
a7... <1
JUN )
5.0, -=
Jul,

19... .=

06852380

MISSQURI RIYER BASIN

ANDES CREEX NEAR ARMOUR,

Sp~==Contlnued

WATER QUALITY DATA, WATER YEAR OCTOBER 1985 TO SEPTEMBER 1986

HERCURY

DI3-

SOLYED
{ue/L
AS nBa}

0.1
0,1

<0.1

<0.1

<0.1

BORON,
TOTAL
RECOV-
ERABLE
(ucsL
AS -B)

120

NiCKEL,
DIS=
SOLYED
(uc/tL,
A3 ML)

12

CYANIDE
TOTAL
{MG/ L
AS CN}

0.0

ANTI-
HGNY,
pIS~
SOLVED
{uc/t,
AS §B)

<1
<1
«

1
<

NICKEL,
. TOTAL
RECOV~
ERABLE
(ua/L
AS NI

<1

-

SELE-
KIUN,
DIs-
SCLYED
(UG/L
AS SE)

j3
9

ANTI=
MONY,
TOTAL
LuG/L
AS SBY

<1

SILVER,
DI5-
SOLVED
(UG/L
AS AG)

<1
Q
<1
<1

SELE~
NIUH,
TOTAL
(uG/L
AS 3E)

THAL-
LIV,
DIs-

SOLYED
(uc/L

AS TL}

¢t
<1
«
|

<4

SILVER,
TOTAL
RECOV~
ERABLE

{uG/L
AS AC}

ZINC,
pIS-
SOLVED
{UG/L
AS IN)

1"

[

THAL-
LIUN,
TOTAL
{uUG/L
AS TL)

S

ARSENIC
TOTAL
(uG/L
AS AS)

SEDI-
HENT,
SUS-
PENDED
{MG/L)

19
98

BARIUM,
TOTAL
RECOY-
ERABLE
(UG/L
AS BA}

100

100

SEDI-

MENT,
DIS=-
CHARGE,

$U§-
PENDED
{T/DAY)

BERYL-
LIUK,
TOTAL
RECOVY-
ERABLE
(ue/s L
AS BE)

<10

10

SED.
308k,
SIEVE
DLAM.
$ FINER
THAN
062 MM

98
89
89

96
a8

|
|
)
H



T

06452383 LAKE ANDES TRIBUTARY ¥O.

HIZSOORI RIVER BASIA

1014010), at bridge ¥.3 mi east of U.3. Highway 281.

PERIOD CF RECOAD.-~Fabruary o Septembsr 1985..

REMARKS.--3treamflcow paours-only during the wei saason.

3 HEAR ARMOUR, 5D
LOCATION. --Lat ¥3*157237, long 98°25'58", in SWANEL swo0.5, T.33 N., R.63% W., Charles Mix Co

WATER QUALITY DATA, WATER YEAR OCTCBER 1985 TO SEPTEMBER 1986

Samplap are taken when Clow sxoeeds 2 fi'/n.

* Fa
-“'f‘@_

*
149

unty, Hydrologiec Untt

e

BARO- OXYGEN, HARD-
SPE~ HETRIC DIS- NESS
STREAM-  CIFIC ‘ PRES- SOLVED  HARD-  NONCARD
FLOW, CaN- PH  TEWPER- TUR- - SURE  COXYGEN, (PER~ NESS WH WAT
IMSTAN-- DUCT- {STAND- ATURE, TEHKPER-" BID~ (BM bIs- - CENT (HG/L TOT FLD
DATE TIME  TANEOUS  ANCE MDD . AIR ATURE ITY oF SOLYED  SATUR- AS . MG/L AS
(CFS) {US/CH) UNITS) (DEG C) {DEG C) (NTU) HO) (MG/L) ATION)  CACD3)  CAcO3
HAR : :
20,.. 1105 3.6 12%0 7.90 2.0 - 3.0 13 730 11,6 90, 570 130
APR )
T8, 1110 31 1010 B.0o 12.5 11.5 28 T08 9.6 95 - 420 300
SoL1bs, soL1ps,
MAGNE- SODPIUM  POTAS-  ALKA- CHLC~  SILICA, RESIDUE RESIDUE
CALCIUM SIUM, SODIUM, AD- 3IUM, LINWITr SULFATE  RIDE, PIS~ AT 180 AT 105
DIS- DIS~ DIS- SORP- pls- _LAB DIS- pIS-- - SOLYED DEG. € DEG. C,
SOLYED  SOLVED SOLYED TION SOLYED  (MC/L SOLYED  SOLYED  (MG/L pIS~ 5U5-
DATE {(MG/L (MG/L {MG/L  PERCENT  RATIO {Ho/L AS  (HG/L {HG/L AS ‘SOLVED PENDED
A5 CA) . A5 MG)  AS MA).  SaDIUM AS K) CACO3} AS SOY¥)  As cL)  S8102) (MG/L) (HG/L)
. HAR . ‘
20... 120 66 54 16 1 20 140 540 27 19 968 10
APR :
15... 69 Ui 42 17 6.9 17 14 190 15 1h T4y -
SOLIDS, NITRO- KITRQ-  NITRO- PHOS-
.. SUs OF  30LIDS, SOLIDS, GEN, XITRO~ GEN, GEN, NITRO- PHOS- PHORUS,
CONSTI- pis- D15~  NITRITE GEN, - ND2-K¥03 MNITRATE GEN, PROS-  PHORUS,  BORON,  ORTHO,
TUENTS, SOLVED -SOLVED DIS-  NITRITE p1s5- - DIS-  NO2+NC3 PHCRUS,  DIS~ D18~ bis-
: DIS- ( TONS {TONS SOLVED  7OTAL SOLYED  SOLVED  TOTAL T0TAL SOLYED  SOLVED SOLYED
DATE SOLYED PER “PER (MG/L (HG/L (MG/L {MG/L {(MG/L (MG/L (MG/L (UG/L  (MGAL
{MG/L)  AC-FT) DAY} AS N) AS N) AS N AS W) AS X) A8 P A3 P} AS B) S
HAR : ) ;
20. 330 1.3 9.4 0.06 - 0-.06 3.80 3.7% 3:80 0,76 0,71 80 T. 65
APR . .
18.. 680 1.0 62 0,02 - 1,20 1.18 - -- 0.51 70 0.42
PHOS- © BERYL~ . CHRO- ) ! . ]
PHORUS, - 'ARSENIC -BARIUM,  LIUM, . CADMIUM  MIUM,  COEALT, COPPER, CYANIDE  IROW, LEAD,
ORTHO, pIS- " DIS- bIs- p1s- pIS-~ 015- D15~ pIs- . DIS~ nI1S-
TOTAL SOLVED .SOLVED SOLVED  SOLVED  SOLVED - SOLYED S0LYED  SOLVED  SOLVED  SOLVED
DATE (HG/L {ve/L {uc/L (UG/L {uc/L {(UG/L UG/ {ug/L {vo/L (vesL (vast
AS P) AS AS) A5 BA) ASBE) A5 CD)  AS CR} A5 CC) A8 CU)  AS CN)} AS FE)}  AS PB}
MAR
20, 0.65 3 88 <0.5 1 < %! 1 <0.07 55 HIE
APR .
18... - 3 T4 0.5 3 2 . <3 3 <0, 01 48 1
C BERYL-
MANGA- - ANTI- SELE- ‘ THAL- B BARIUM,  LIUM,
NESE,  MERCURY NICKEL,  MONY, NIUM, SILVER,  LIDM, ZING. TOTAL TOTAL
pIS- DIS&- DIS- D1s- BIS- Drs- DIS- DIS- ARSENIC  RECOV-  RECOV-
SOLVED SOLVED  SOLVED SOLVED  SOLVED  SOLYED SOLYED SOLYED  TOTAL ERABLE  ERABLE
DATE (UG/L (uc/L {UG/L (wesL UG/t {us/L (ug/L - (UG/L (Uc/L (ug/L (UG/L
AS MN)  AS HG) AS NI} XS SB) A5 SE)  AS AG) S IL) AS IN)© A5 A3)  ASBA) - AS BE)
HAR .
20. 160 <0.1 3 <1 21 3 <1 &7 3 200 <10
APR .
18... 78 0,1 9 <1 17 3 L 9 an -- -~
) SEDI- 5ED.
CADMIUM  BORON, NICKEL, -SILVER, . MENT,. susP,
TOTAL TOTAL : TOTAL ANTI=- SELE- TOTAL THAL- SEDI- DIS- SIEVE
RECOV~  RECOY- CYANIDE  RECO¥-  HONY, NIUH, RECOV-  LIUM, MENT,  CHARGE, DLAH.
ERABLE  ERABLE  TOTAL  ERABLE  TOTAL  TOTAL ~ ERABLE .TOTAL  SUS- sus- % FINER
DATE (UG/L {UG/L - {HG/L {ue/tL UG/t (UG/L (ug/L (UG/L PENDED  PENDED THAN
AS €D}  AS B) AS CN) AS NI) A5 8BY A5 SE) A5 AG) AS TL) (MG/L) (T/DAY)} .062 H?{
HAR ' ] _ .
20,. 4] 8o <0.0 20 (33 22 <t 4] 20 0.19 99
AR
18... - -~ - - -- -- -- -~ 63 5.3 99



MISSOURL RIVER DASIN

150

06152386 LAKE ANDES TRIBUTARY NO. 2 NEAR LAKE ANDES, 30

LOCATION. --Lat H3®12'43",
Uaig 10100101, at culvert 3 ai north and 4.6 ml east of vown of Laxe Andes.

PERIO0 OF RECORD.--Octobar 138% to September 1984.

AEMARKS.--Stpeamrflow geoecurs only durlng wet season. Watec-quallty

axceedy 2.0 fr'/as.

WATER QUALITY DATA, WATER YEAR OCTQRER 1985 TG SEPTEMBER 1986

long $8°26'457, In SEISELSEL sec.i8, T.9T7 H.. 8.64 W,, Charles Mix County, Hydrolegic

samples are btaken only when atreamllow

3ARO~ OXYGEN,
SPE- METRIC DIS-
STREAM-  CIFIC PHES- STLVES  HAZD-
FLOW, CoH- PH TEMPER- TR~ SURE  OXYGEW, (PER- NESS
INSTAN-  DUCT- {STAND-  ATURE, TEMPEA- 31D~ 1] B1S- CENT {(MGrL  TOTF
DATE TIME  TAHEQUS  ANCE ARD AlR ATURE ITY i3 SOLYED  SATUR- AS HG/L AS
{CFS) {US/CH) UNITS) {DEG C) (DEG ) (NTUD HG) (MG/L) ATZON} CACCIL TAID3
MAR . .
29, 1355 6.8 850 7.80 3.0 5.0 ju 730 11.8 97 150 273
APR
17... 1425 74 940 7,90 5.0 2.0 66 715 13.3 103 360 27¢
SOLIDS, SO0LIDS,
MAGHE- SODIUH  POTAS-  ALKA- CHLO-  SILICA, RESIDUE RESIDUE
CALCIUH SIUM, SODIUH, AD- SIUM, LINITY 3ULFATE  RIDE, 0I5~ AT 180C AT 183
318~ nia- DIs- SCRP~ DIs- LAB DIS- pIS- SOLVED  DEG. C QEG. ¢,
SOLVED  SOLVED SOLYED TION SOLYED  {MGsL SOLYED  SOLVED  (MG/L DIs- SUs-
DATE (MG/L (MC/L (HG/L PERACENT  RATIO (MG/ L AS (MG/ L {HG/L AS SOLYED PENDED
A4S CA) AS MG} AS HA} SODIUH AS X! CACT3Y  AS 504) AS cL) sio2) - (MG/L) {8005
MAR
2%, 88 3 32 15 0.8 20 29 jto 22 22 621 50
APR
1 85 37 38 18 g.9 16 34 350 i3 13 7126 B
sQLiDS, . e KITRO- ~ MITRO-
suM OF  SOLIDS, SOLITS, _GEN, NITRO-  GZN, NITRO~ i PHOS-
CONSTI- DIS- DIS-  RITRITE GEN. NG2Z-303 CEN, PHOS- PHORUS, BCRON,
M ‘ TUENTS, SOLVED  SOLVED BIS-  MNITHITE DIL3- I NO2+NO3  PHORUS, DLg- oisg-
prs-  (TONS (TONS S0LVED  TOTAL SCLYED  S0LYE TOTAL TOTAL SOLY¥ED  SQLYED
DATE SOLVED PER PER - (MG/L, {MG/L (MG (MG/L {HG/L {(MG/L {(MG/L . (UG:L
(MG/L)  AC-FT) DAY) AS N} AS W) AS M3 A3 N} AS M) AS P) AS P) AS 8
HMAR ' .
20 580 0,484 1 0.07 0,08 5.30 3.71 §.00 0.70 0.54 40 2.5
Apo
e 610 0.93 143 0,02 - R 1.33 - .- 0.25 5C. 3.0
PHOS BERYL~
PHORUS, ARSENIC BARIUM, LIuM, CADMIUH Z28ALT. COPPSR. CYANIDE  TRON, LEA
QATHO, DIS- - DIS- DIS- 813- 313~ DIs- DIs- DIs- o
TOTAL SOLYED SOLVED SOLYED - SOLYES  SOLVEIZ SCLVED SOLVED  SOLYED  SOLVED  S2
DATZ {MG/L {uc/L (ug/lL ~ (UG/L {uG/u {Ug/L (UG/L {UG/L (Mc/L (uGre {y
AS P). &S AS) AS BA) AS BE)} A% €O} A3 o3} A3 8 AS Cu) A3 CN) AS FE) AS
MAR
20. 0.54 3 86 0,5 < <1 43 4 <G.01 370 <1
APR
17... -- 3 87 W@.5 <1 4 3 2 ¢0.01 B )
BERY.-
MANGA- ANTI~ SELE- ) THAL- BARIUM, | LiUM,
MESE, MERCURY HICKEL, MONY, NIUHM, SILVER, LIUM, 2IXC, TOTAL TCTAL
DIg- DIS- DIS- pIS-~ DIS- DES- BIs- DIS- ARSENIC  RECOV- RECOV-
SOLYED  SOLVED  SOLYED  SOLVED  SOLVED  SOLVED SGLYED SQLVED  TOTAL ERABLE ERABLE
DATE {uc/L (UG/L (vs/t, (uc/L {ua/L fudsL (6/L (UG/L (uest {UG/L (ua/L
AS MH) AS HG) AS NI) AS 38) AS SE) AS AG) A3 TL) AS ZH) AS A5}  AS BA) AS 38}
MAR
20, 140 <Q.1 & Q) 13 <1 < 3 3. 200 ¢i0
APR
17... 179 0.1 3 < T <1 <1 1 - - .-




06352386

CADHIUM

TOTAL
RECOV-
ERABLE
DATE (UG/L
AS CD)
HAR
20... 1
AFR
17... -

BOROM,
TOTAL
RECOV-
ERABLE
fue/L
AS B)

40

CYMNIDE
TOTAL
(MG/L
AS CN}

<0.01

MISSOURI RIVER BASIN

LAKE ANDES TRIBUTARY KO.

" NICKEL,

TOTAL
RECQOV-
ERABLE
(varsL
AS NI)

23

ANTI-
HONY,
TOTAL
(Uc/L
AS S$B)

<1

SELE-
NIUH,
TOTAL
{vest,
AS SE)

12

SILVER,
TOTAL
RECOV-
ERABLE
(Ua/L
AS AG)

THAL-
LIUK,
TOTAL
(UG/L
AS TL)

4

WATER QUALITY DATA. WATER YEAR OCTOBER 1985 TO SEPTEHBER 194856

1

2 HEAR LAXE ANDES, SD--Contlnued

SEDI-
HENT,
5U5-
PENDED
(MG/L)

66
178

SEDI-
MENT,
DIS-
CHARGE,
sSuUs-
PENDED
(T/D4aY)

36




v nand]
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LOCATION. -~

Unit 1014010%, at culvert ' al

Lat 43siitest,

06052389

long §8'27'57", in NELINELSEL aec.25, T.97 N., R.65 W., Charlas Hix Ccunty, Hydrologic
north and 3 ml eaat of town of Lake Andes.

LAXE ANDES TRIBUTARY HNOQ.

MISSOURI RIVER BASIN

PERIOD OF RECOAD.--October 1384 to Saplembar 1985,

REMARKS.--Streamf low pDecurs only during the wabt aeason,

I KEAR LAKE AMDES,

50

WATER QUALITY DATA, WATER YEAR OCTOBEA 1985 TO SEPTEHBER 1986

Samples are taxen when [low gxceeds 2 £y,

BARO- 0XY3 KARD~
SPE- METRIC DI NESS
STREAM-  CIFIC PRES- S0L! HARD-  HCNCARS
FLGY, CON- PH TEMPER- TUR~ SURE  OXYGEW, (rg NESS WH OHAT
- INSTAN-  DUGT-  (STAND-  ATURE, TEMPER- BID- (MM DIS- (MG/L 70T FLl
DATE TIME  TANEOUS  ANCE ARD &IR ATURE ITY oF SOLVED AS MG/L AS
(eFs)  {US/CH) UNITS) (DEG €y ({DEG C} (RTU) HG) (MG/L) CACOD3}  CACC?
HAR
21... 1500 2. 550 7.80 15.0 7.0 36 723 10,4 35 200 5
APR '
18... 08us 19 §30 7.90 18,0 7.5 L3} 708 10.6 35 190 i
S0LID 30t
MAQNE- 30DIUH  POTAS~  ALKA- CHLO-  SILIZ, RE3IDYET Az
CaLCIUY STIUM, SODIUN, AD- SIUM, LINITY  SULFATE  HIDE, 2I5- AT 180 AT
DIS- pIs- DIS~ SORP~ DES- LAB DIS- 615~ SOLVED  DEG. C DEG
SOLYED  SOLVED SOLVED TION SOLYED  (MG/L SOLVED.  SOLVED  {MG/% CIS-
DATE (MG/L (MG/L (HG/L  PERCENT  RATIOQ (MG/L AS AHG/L (MG/L A3 S50LYED P
AS CA)  AS HC)  AS HA)  so0Iud . AS X) CACO3I) &S S0U) A5 cLy  sIj2, {4C/L;
MAR
toL, ug 20 12 10 g.4 25 35 130 12 3 7% 3z
APR
13... 45 29 4 12 0.4 17 78 150 7.1 3 152 .-
SGLIDS, : NITRO- NITRG-  NITRO-
sUM OF  S0LID3, SOLIDS, GEN, HITRO- GEM, GEN, NITRO-
CONSTI- 015~ BIS-  WITRITE  “GEN,  HO2+HO3 NITRATE GEN, IGRCN,
TUENTS,  SOLVED  SOLVED BI1S-  HITRITE pis- DIS~  NO2+NO3 DIs-
DIS- {TONS {TONS SGLYED  TOTAL SOLVED  SOLVED  TOTAL 50LYEY
DATE SOLYED PER - PER (MG/L (Mo/L (Me/L (MG/L  (MG/L (ua/L
{MG/L)  AC-FT) DAY) AS N} A3 N) AS W) AS N) “AS M) AS B
HAR
2t .., 320 0.5 2.4 0,068 0.07 4,30 i, 20 4,40 0.62 0.53 45 g.35
APR
18... ‘320 0.48 18 - 0.02 - 0.98 Q.96 -- -- 2.23 g 0,28
PHOS- | BERYL- CHRO-
SHORUS, ARSSNIC BARIUM,  LIUM,  CADHIUM MIUM,  £0BALT, COPPER. CYANIZET  IRCH,
QATHO, J18- DIS- nIS- DIs- DIS~ 215- DIS- eIs- 5Is-
TOTAL SOLYED SOLYED - SOLVED  SOLVED  SOLVED SOLVED SOLVED  SOLYED  SCLYED
DATE (MG/L (yG/L (Ug/L (Us/L (us/L {ue/L (uG/L {Uc/L (MG L {4G/L
. AS P} A3 AS) AS BA)  AS BE) A5 CD)  AS'CR) AS CO)  AS CU)  AS QM. A5 FEi
MAR ’ :
21... 0,48 H 85 <0,5 A <1 <3 4 0,08 2390 2
APR
18... - 3 17 0.5 <4 <1 <3 £ <303 540
‘ 9ERYL-
MANGA= ANTI- SELE~ THAL- BARIUM, LIy,
NESE,  MERCURY NICKXEL,  HOWY, NIUM,  SILVER,  LIUM, ZINC, TOTAL TOTAL
DL3- Dis- DI§~ DIS~ ‘DI§~ D15~ 0IS- DIS-  AASENIZ  RECOV=  RESIV-
SOLYED  SOLYED  SOLYED  SOLYER  SOLVED  SOLVED SOLVED SOLYED  TOTAL ERABLE  ERA3LE
DATE {ug/L (uG/L (VG/L (ug/L (uc/L {uc/L {uc/L (ua/L (uGg/u (uG/L {uGsi
‘ AS MN)  AS HG)  AS NI) : A5 SB)  AS SE} A3 AG) A3 TL) AS IN)  AS AS;  AS BA) A5 3D}
MAR : '
21... 1 <0 3 <3 5 <1 <1 16 3 100 <10
APR :
18... 61 <01 28 <1 7 < G 16 - - --
, SEDI- SED.
CADHIUM  BOROR, NICKEL, 5 SILVER, HENT, susP.
TOTAL TQTAL : - TOTAL ANTI= SELE~ TOTAL THAL- SEDI- pIS- SIEVE
RECOY-~  RECOV- CYANIDE  RECOV~  MONY, NIUM, RECOVY-  LIUM, MENT, - CHARGE, b
ERABLE © ERABLE  TOTAL ERABLE  TOTAL TOTAL ERABLE  TOTAL.  5US- . suUs- % FI
DATE (uasL (ug/L (MG/L {ua/L (uo/L (uG/L (uc/y (us/L PENDES  PENDED THAN
AS €D} AS ¥) AS-CN).. A3 NI) A3 SB)  AS BE}  AS AG) A5 TL) (MG/LY  (T/DAY)  .052 MM
MAR .
21, 4] hg  <e.01 5 <t 6 <1 <1 78 2.51 38
APR )
18... -- - -= - - -- -- - 54 3.1 99




r

HESSOURI RIVER BASIN
06852392 LAKE AMDES NEAR LAKE ANDES, SD

LOCATION, --Lat £3*10+10n, long 9B°27'35", =3ec.31, T.97 ¥X., R.64 W., Charlas Mix County, Hydrologle Unit ’
10140101, at bridge on section line road crcasaing the lake on T.56 xnd §7 H. boundary. (

PERIOD OF RECORD.--September 1983 to April 1986, )
REMARKS.-~High water created m need to change zampling site to 06552310,

WATER QUALITY DATA, WATER YEAR DCTGBER 1985 7O -SEPTEMBER 1986

BARO- OXYGEN, HARD-
SPE- METRIC DIS~ NESS
CIFIC PRES- SOLVED  HARD-  KONCARB
CON- P TEMPER- TUR- SURE  OXYGEN, {PEA- KESS WH WAT
: DUCT~  (STAND-  ATURE, TEMPER- BID- { M DIS- CENT {MG/L  TOT FLD
DATE TIME ANCE ARD AIR . ATURE ITY CoF SOLVED  SATUR- A3 MG/L AS
(us/cH)  UNITS) (PEG ¢) (DEG C) (utu) HG) {MG/L)  ATION)  CACO3)}  CACO3
0cT
6.0, 1215 1600 8.60 13.0 12.0 5.0 723 9.8 96 680 5h0
nev
20,0, 1200 2200 .10 ~10.0 8.0 2.3 735 8.8 78 1100 930
bEC
18... 1300 1950 7.60 ~10.0 1.0 2.2 734 0.8 6 800 610
JAR .
08... 1215 2100 7.50 2.0 1.0 2.7 731 1.6 3k “- —
FEB
19,., 1230 2060 - “5.0 1.0 ¥.5 716 10.6 80 -- -
HAR
19... 1500 1600 . 8.30 ~2.0 X0 4.5 729 12.8 103 680 530
AFR
16... 1045 1430 8.30 7.0 2.6 10 26 12.5 $5 610 460
SOLIDS,
© .. MAGNE- ] SODIUM  POTAS-  ALKA- . cHLo- fLUC~  SILICA, RESIDUE
2RLZIUM SIUM,  SODIUM, - _ AD- SIUM, LINITY  SULFATE. RIDE, RIDE,  DIS- AT 180
-3I8- DIS- bis- . SORP~ DIS- LAB PIS- DIS- DIS- SOLYED  DEG, ¢
SOLVED  SOLVED SOLVED TION SOLVED  {MG/L - SOLVED -SOLVED  SOLVED {(HMG/L Dis-
DATE TS/ L (HG/L (HG/L  PERCENT  RATIO {(MG/L -~ AS (MG/L {MG/L-  (MG/L AS SOLVED
AS CA)  AS MGY A5 NA)  SODIUM AS K)'  CACO3) AS S04)  AS CL) A5 F) 5102) {MG/1)
6., 179 4319 19 1 53 1w 650 54 -~ 22 2iy
20... 6 190 110 1T 2 62 153 1300 120 -- 21 2210
18, .. 200 T4 - 18 2 61 - 191 800 . <1.0 27 1510
08... 195 79 100 29 2 64 188 Bsa . 0N -~ . 26 1600
15. .. 158 T4 96 2 1 63 210 85¢ . 73 - 29 1570
9. 170 63 78 18 l 51 155 680 57 -~ 21 1250
16... 155 56 1 19 1 47 148 - 590 49 - 15 1140
$6LIDS, SOLIDS, o NITRO- NITRO- PHOS-
RESIDUE SUM OF  SOLIDS, GEH, NITRO- GEN, NITRO- . PHOS- PHORUS,
AT 105  CONSTI- DIS~  HITRITE GEN.  NO2+NO3 GEN, PHOS-  PHORUS,  BORON,  ORTHO,
0ZG. C, TUENTS,  SOLVED DIS-  NITRITE DIS-  NOZ+¥O3 PHORUS, DIS- pIS-  bIS-
SUS-. . pPIS- .(TONS  SOLVED TOTAL  SOLVED - TOTAL  TOTAL  SOLVED  SOLVED SOLVED
DATE  PENDED SOLVED  PER (MG/L {HG/ L (HG/L {MG/L (HG/L  {MG/L * (UG/L  (MG/L
{HG/L}  (RG/L)  AC~FT) A3 W) AS W) AS K) ASN) A5 P) AS B) AS B)  AS P)
ozt ] )
16... 9 1200 1.7 w,01 . -~ 40,10 - - 0,43 290 .
NOY
20... 12 2100 3.0 <0.01 == <D.10 =-- -- 0.219 320 ==
DEC . ‘ N . )
18... 1 1400 . 0.01 <.01 ¢0.30  <C.10 -~ 9,22 270.  0.201
JAN : e .
08.., 13 -- -- 0,01 - 0.01 <0.10 €0.106 -~ b.34 - 0:23
FEB ‘ )
19... 10 - — €0.01 0.02 €0.10 0.20 - 0.2 - 0.179
HAR : . T
19... 5 - 1200 1.7 <0.01 <0.01  €0.10 <0.190 0,23 0.14 260 RN
APR
RE TN -- 1100 1.6 €0.01 - <0.10 . -—

-- 0.06 230 0.034




154 MISSOURI RIVER BASIN

06452392 LAKE ANDES HEAR LAXE ANOES, S0--Contlnued
WATER QUALITY DATA, WATER YEAR OCTOBER 1985 TO SEPTEMBER 1986

PHOS- BEAYL- CRRQ-~ .
PHORUS, ARSENIC BARIUM, LIUM, CADMIUM - MIUM,  COBALT., COPPER, CYANIDE  IROW, LEAD, i
ORTHO, DIS- DIS- Dig- DIS- D18~ . DIS- DIS- Dis- Dis- Dis-
TOTAL SOLYED  SOLVED SOLYED SQLYED SOLYED SOLYED SOLYED SOLYED SOLYED S0LYED
DATE (Mo/L {UG/L (UG/L (US/L (UG/L (UG/L (UG/ L {uarsL {HG/ L (UG- (UGs L
AS P) AS AS)  AS DA} AS BE)  AS CD) A5 CR)  AS CO)  AS CU)  AS CN) A FZ) a8 Fay
ocT '
16. .. - == - - - - == 2 -- 12 < ;
NOY I
20 =" " - - - - - 2 -- 30 FE
DEC : :
18.., -- L] 65 <0.5 1 <1 -- <90 -- 13 <5
Jan . i
a8. .. .- 5 <100 1a ¢to -- -~ 1 30 .-
Fea ‘
19.. - 4 <100 i 140 -- - 1 40 --
MAR
19 0.tu2 3 53 0,5 <1 {1 <3 5 <0.01 16 <1 !
APA
16. .. - 3 0 0,5 <1 <1 %] 3 0.0 7 TSI
gERYL~ ;
HANGA~ ' ANTI- SELE~ THAL- LIUM, !
NESE, HERCURY NICKEL, MONY, NIUM, SILVER, LIUM, ZINC, TCTAL N
0I5- DIS- pIs- 0I3- DIS- DIS- DIS~, DI§~ ARSENIC REZDY~ ;
SQLYED.  SOLVED SOLVED SOLYED SOLYED SCLYED SOLYED SOLYED TAOTAL SEARLT !
DATE (uc/L (uG/L (UG/L (uarsL, (ugrL (UG/L (Ua/L UG/t (ua/L ; (UG L
AS M¥) AS HG) AS N1) AS 3B) AS SE) AS AG) AS TL) AS M) A5 AS) A5 34 AS 3%)
ocT
16, .. 1100 {J -- -- <1 “- -- 20 . . - '
Hov . - ;
20.,. 210 <0.1 -= -= <1 -~ -~ 50 -- C . .-
DEC :
18... 3200 <0, -- <1 “- 4] - 100 - .- -
Jan ) .
08... 6800 - -- ! <1 <t 80 - i
FER : X
19... 3500 .-~ L] - LB <1 50 - -- i
MAR T . : ' o )
19, .. 1300 <01 4 <1 <l | <1 6 2 33 iy i
APR
16... 650 <0,1 9 < <1 <1 <1 <3 -- .- -- |
|
CADHIUM'  BORON, NICKEZL, ) sILven, . :
TOTAL  TOTAL TOTAL ANTI- SELE-~ TOoTaL THAL- SEDI- :
RECOV- RECOV~ CYANIDE RECOV- MONY, NIUM, RECQWV- LIYM, HENT,
ERABLE ERABLE TOTAL ERABLE TOTAL TOTAL ERABLE TOTAL SUs- |
DATE {UG/L (UG/L (MO/L (UG/L {ucsL (uart, (UG, {ugs L PENDED
’ AS cD) AS 8} AS CH) A3 NI} A3 53) AS SE) AS AG) AS TL) (MG/L}
HAR .
|3 < 270 <0.01 | 21 ) <1 < 1 <1 13 - a8 |
APR T
14, -- = -- -- -- -- -~ -- 16 - 3
MAY ]
o7 -~ - - == -- == -~ -~ 14 5,48 38 i
Juy ;
25 - - -- -- -- --

-- 1 -- 25



LOCATION.--Lat 43*=0B+¢27%, long 968°32'571",
Unit 101040101, on upstream side of oo

06452410 LAXE ANDES BELOW LAKE AMDES, 5D

NISS0URT RIVER BASIN

PEATQD OF RECORD,--May to Septewber 1986.

s

DATE

DALTE

DATE

TIHE

1215
1230
GT45
1035

HARD-
HESS
HONCARB
WH WAT
TGT FLD
HG/L AS
CACOT -

680

. 510
540

S0LIDS,
HESIDUE
AT 180
PEG. C
D15
SOLVED
(MC/L)

1770
1310

1250
1320

BORON,
pDIs-
SOLYED
{us/L
AS B)
€260
230
€10

260

REMARKS.~«Thia :iﬁt wan selected 2% an

WATER QUALITY

STREAM-
FLOW,
INSTAN-
TANEOUS
{CFS)

12

73
39

CALCTUM
DIS-
SOLVED
{HG/L
AS CA)
210
200
190

200

SoLIDS,

‘RESIDUE

AT 105
DEG. .C,
5Us-
PENDED
{MG/L)

16
14

15
6

PHOS-
PHORUS,
ORTHO,
D1s-
SOLVED
(MO/L
AS P)

0.145
0.27

0.61
0,23

SPE-
CIFIC
CON-
pycT-
ANCE "

{us/cH)

2170
1650

1630
1660

MAGHE=
SIUM,
DIS-

SOLVED

{HG/L

AS MG}

80
56

51
5T

$OLIDS,
SU OF
CONSTIL~
TUENTS,
-D1Ss-
“SOLVED
{HG/L)

12060
1200

1200

" PHOS=

PHORUS,
ORTHO,
TOTAL.
{HG/L
AS P}

0.163

szlternative to site 06453292 during perlods of high leke levels.

DATA, WATER YEAR OCTOBER 985 TO SEPTEMBER 198§

PH
{STAND-
ARD

UMITS)

8.10
8.39

B.36
&.n

SODIUM,
DIs-
SOLVED
(MG/L

AS NA) .

90
67
64
T0

sSoLIDS,
D1S-
SOLYED
(TONS
PER -
AC-FT)

1.8
1.7
1.8

ARSENIC
DI1S-

SOLYED

- lue/L,

AS AS)

TEMPER-
ATURE,
MR
{pEG C)
9.5
31.0
19,0

17.0

PERCENT
S50DIUH
17

16

16

16

SQLIDS,
DIS-
SOLVED
(TaNS
PER
DAY}

216
139

BARIUK,
DIS-
SOLVED

{ue/L

AS BA)

<100

5%

92

79

TEMPER-
ATURE
(DEG C)
140
24,5
22,5

17.5

SODIUN
AD-
SORP-
TION

RATLO

KITRO-
-GEN,
NITHITE

DIS-

SOLVED
(MG/L

AS M3

0.01
0.02

0,02
¢0.01

BERYL-
LIUN,
DIS-
SCLYED
(UG/L
AS BE}

<10
£0.5

€0.5
€0.%

TUR~

81D~

ITe
(NTW)

3.4
2.4

POTAS-
SIUH,
DIs-

SOLYED

(MG/L:

AS K}

55
13
47
us.

NLTRO-
GEN,

KITRITE
TOTAL
{MG/L

- AS W)

CADMIUH
D13~ -
SOLVED
(UG/ L
AS CD)
<10

<1

<

<

BARG-
HETRIC
PRES-
SURE
(MH
OF
KG)

18
718

712

ALXA-
LINITY
LAB
{HG/L
AS-
CACO3)

174
149

188
197

SHRO-
HIUH,
D18~
SOLYED
{ye/L
AS CR)

<1
<
<i
RS

OXYGEK,
p1s-
SOLVED
(MC/L}

6.2

5.6

3.9
6.4

SULFATE
D15-
SOLYED
(MG/L

AS .504)

900
670
530"

630

NITRQ-
GEN,

NOZ*H037-

"TOTAL
{HG/L
AS N)

0,10

COBALT,
DIS-

SCLVED
(uesL

AS. €0)

<50

<3

<3

<3

OXYGEN,
- D18~
SOLVED
(PER-

GENT
SATUR-
ATION)

64
12

77

CHLO-
RIDE,
DIS~
SOLYED
(MG/L
AS CL)

85
59

517
56

PHOS~
PHORUS,
TOTAL
(MG/L
AS P)

<0.301

COPPER,
DIS-
SOLVED
(ue/L

. A5 GU)

<1

HARD-
NESS
(HG/L
AS
CACD3)
850
730 -
700

730

SILICA,
DIS- -
SOLVED
(MG/L

AS
5102)

<24

L

27
5.8

PHOS-
PHORUS,
© DIS-
S5QLVED:

(MGY/L
AS P)

0.171

0.33

Q.75

T n.28

CYANIDE
DIs-
SOLYED
{Me/L
AS CN}

<0.01
<0.01
<0.01

<0.01

tn SWISELSEL sec.d, T.96 M., R.65 W., Charles Mix County, Hydrologic
nerate culvert, 1 ml south and 0.25 mile weat of town of Lake Andes,

(




156 HISSOURT RIVER BASIN
06452410 LAKE ANDES DELOW LAKE ANBES, SD--Contlnued
WATER QUALITY DATA, WATER YEAR OCTOBER 1985 TC SEPTEMBER 1986
HANGA- ANTI- SELE- THAL-
LRGN, LEAD, NESE,  MERCURY NICKEL,  MONY, NIUH, SILYER, LIUM, ZING,
DIS- pIs- D1s- DIs- pIS- bIs- DI§- DIS- DIS- DIS-  ARSENIC
SOLVED  SOLVED  SCLVED  SOLVED  SOLVED  SOLVED  SOLVED  SOLVED SOLVED SOLYED  TOTaL
DATE (Ug/L {uG/L (ua/L {uc/L {UG/L {ucsL (UG/L {UG/L {uG/L (UG/L {ugsy
AS FE} AS PR AS MN) AS Ho) AS NI)  AS $B) A3 3E) AS AC) AS TL) AS IN) A3 aYy
MAY :
07... 40 2 10 <G .1 5 <1 4] <1 <1 910 5
JUM
25... 8 <5 i3 <0, 5 ] 1 <1 <1 910 -
AUG
15... 13 <5 2400 0.1 5 1 <1 <1 ¢ 12 2
sep
10, . 15 <5 2500 0.1 5 1 1 <1 < N -
BERYL- :
BARIUH, LIUM, CADMIUM  BORON, HICKEL, SILVER,
TOTAL TOTAL TOTAL TOTAL TOTAL ANTT- SELE- TOTAL THAL=
RECOY-  RECOV-  RECQV-  RECOYV~- CYANIDE  RECOV-  MONY, HIUM, RECOV-  LIUM,
ERABLE  ERABLE  ERABLE  ERABLE - TOTAL ERABLE  TOTAL TOTAL ERABLE  TOTAL
OATE (UG/L (UGrL (UG/L (UG/L (MG/L (UG/L {Uc/L {ucsL (U6t (ye/L,
AS BA}  AS BE) A3 cD) A3 8) AS CH) A5 NID AS 3B)  AS SE) A3 AG) AS TL)
MAY
07 <100 . ¢1¢ <1 279 <0.0t <1 <1 1 <1 <1
AUG
15... 200 <10 <1 270 Q.01 13 1 <1 <1 <1
BARO- ORYGEN,
3PE- METRIC Drs-
STREAM=  CIFIC PRES- SOLYED
FLOW, CON- PH TEMPER-. N SURE  OXYGEN, (PER-  ALDRIN,
INSTAN- DUCT~  (STAMD-  ATURE, TEMPER- (] DfS- CENT DI3-
DATE TIME  TANEQUS  ANCE ARD ALR ATURE oF SQLYED  SATUR-  SOQLYED
(CFs) (Us/CM) UNITS)  {DEG C) ({DEG ¢) HG) (MG/L)  ATION) {ussts
SEP . :
26... 0800 - 1500 §.569 12.5 16.5 - -- -- .51
CHLOR- oI- nI-
DANE, noo, DDE, DDT,  AZINCN,  ZLI2RIN  ENDO- ENDARIN,
Dls- DIS- p18= DIS- DI5- I8~  SULFAN DIS~  ETHIOM
DATE SOLVED  SOLVED  SOLVED  SCLVED ~ SILVED  SCLYSD DISSOLY  SOLYED OI230LY
(UG/L) {uG/L) (UG/L) . (UGsL)  (UG/L)  {uasn) (ucsL) (uG/L)  (uygsL)
SEP .
26... 0.1 <. 0! <0,01 <0,0t <00 <3.01 Q.01 <0.01 0,01
HEPTA- HETHYL
CHLOR HEPTA- MALA-  HETH- PARA~  METHKYL-
PcH, . EPOXIDE  CHLOR, LINDAME  THICN, OXY- THION, TRI-
0IS-  PCN DIS~ DIS- DIg- 9IS-  CHLOR DIS-  THION
DATE SOLVED . DISSOLV SOLVED SOLVED SOLVED SCLYED  DISSOLY  SOLVED DISSOLY
(u6/L)  (ugsL) (ug/L) (us/L)  (us/L)  (ug/Ly  {uesL) (yasL)  (ue/L)
SEP
26... <G <G.1 <0,01 <001 €0.01 <0.01 <0,0) <0.01 0,01
PARA- TOX -
MIREX,  THION, PER- APHENE; TRI-
oI3- DIS-  THAKE SILVEX, BIS-  THION 2,0-p, 2, U-pp 2,4,5-7
DATE SOLYED  SOLVED DISSOLY  TOTAL SOLYED DISSOLY  TOTAL TOTAL TOTAL
(ve/L)  (uesL)  (uc/L) tue/u)  {uos/L)  (ue/L)  (UG/L)  {uG/L) (uc/ i)
sSEP .
26... Q.01 <0.01 0.1 <0.0i <1.0 <0.01 0.05 <0.01 <0 .01







